Adult neural progenitor cells (NPCs) are capable of differentiating into neurons, astrocytes, and oligodendrocytes throughout life. Notch and transforming growth factor b1 (TGF-b) signaling pathways play critical roles in controlling these cell fate decisions. TGF-b has been previously shown to exert pro-neurogenic effects on hippocampal and subventricular zone (SVZ) NPCs in vitro and to interact with Notch in different cellular types. Therefore, the aim of our work was to study the effect of TGF-b on adult rat brain SVZ NPC glial commitment and its interaction with Notch signaling. Initial cell characterization revealed a large proportion of Olig21, Nestin1, and glial fibrillary acidic protein (GFAP1) cells, a low percentage of platelet-derived growth factor receptor a 
Different roles have been assigned to cytokines present in the neurogenic niches of the adult brain. In particular, transforming growth factor bs (TGF-bs) in their three mammalian isoforms-TGF-b1, -b2, and -b3-participate in the regulation of proliferation, differentiation, and survival of different cell types (Kitisin et al., 2007) . TGF-b1 has been shown to exert pro-neurogenic effects both in the dentate gyrus of the adult hippocampus in an in vivo model of adrenalectomy characterized by enhanced neurogenesis (Battista, Ferrari, Gage, & Pitossi, 2006) and in the SVZ of adult rats injected with adenoviral vectors expressing TGF-b (Mathieu, Piantanida, & Pitossi, 2010) . In this field, we have also demonstrated the involvement of the Smad2/3 pathway in TGF-b1 pro-neurogenic effects in cultured hippocampal NPCs (Graciarena, Roca, Mathieu, Depino, & Pitossi, 2013) . Furthermore, we have recently shown TGF-b1 pro-neurogenic effects on NPCs in the SVZ and, most important, Fibulin-2 mediation (Radice et al., 2015) .
These results add up to the growing evidence supporting a proneurogenic role of TGF-b1 in the adult brain.
TGF-b signaling is initiated by the binding of the ligand to its serine and threonine kinase receptors on the cell membrane, that is type I (TbRI) and type II (TbRII) receptors. Ligand binding results in the formation of a receptor heterocomplex in which TbRII phosphorylates the threonine and serine residues of TbRI and thus activates it (Massague & Chen, 2000; Wrighton, Lin, & Feng, 2009 ). The activated TbRI recruits and phosphorylates R-Smad proteins, Smad2/3 for TGF-b, which then makes up a heterocomplex with Smad4. The Smad complexes then translocate to the nucleus to regulate target gene transcription.
Another signaling pathway involved in cell fate commitment, Notch is known to play a key role in controlling the proliferation and differentiation of NPCs. In particular, in demyelinating pathological conditions, previous work by our group using lysolecithin-induced focal demyelination in rats proved Jagged1-mediated Notch activation to trigger Hes5 expression in the SVZ, concomitant with an expansion in OPC population. During subsequent apotransferrin-induced remyelination, Notch activation seemed to be mediated by the expression of F3/ contactin, inducing apotransferrin-mediated OL maturation (Aparicio et al., 2013) . Notch family is constituted by transmembrane receptors Notch1, 2, 3, and 4, which are activated by the binding of ligands Delta1, 3, and 4 and Jagged1 and 2 (Dave et al., 2011) . Ligand binding induces a first cleavage, by ADAM metalloprotease, which then generates a membrane-tethered intermediate acting as a substrate for the g-secretase complex which, in turn, releases the Notch intracellular domain (NICD) into the cytoplasm. NICD then translocates to the nucleus, where it activates the transcription of Notch target genes such as the basic helix loop helix (bHLH) transcriptional repressors known as Hairy/Enhancer of Split (Hes) genes (Kopan & Ilagan, 2009 ).
Both TGF-b and Notch appear to be implicated in the myelin repair process associated to demyelinating disorders such as Multiple Sclerosis (MS). The presence of reactive Jagged1-expressing astrocytes in response to the upregulation of TGF-b appears to be one of the reasons for remyelination failure. In particular, the presence of Notch1 and its effector, Hes5, in OPCs of MS lesions suggests that Jaggedactivated Notch signaling might inhibit OPC maturation (John et al., 2002) . Along the same line, TGF-b1 has been proven to induce the expression of Jagged1 in human astrocyte cultures (Zhang et al., 2010) .
Finally, Notch and TGF-b signaling have been shown to act synergistically in co-cultures of mesenchymal stromal cells and NPCs, inducing NPC differentiation into astrocytes and OLs (Robinson, Foraker, Ylostalo, & Prockop, 2011) .
In this context, and with a view to unveiling possible NPC response mechanisms upon demyelination, the present work characterized cell populations arising from adult brain SVZ cultures and, most importantly, assessed changes induced by TGF-b1 (TGF-b) and the underlying interplay between TGF-b and Notch signaling. 
| NPC isolation and culture
Adult rat brain SVZ were dissected and submitted to mechanical disruption. Cells were thoroughly washed in DMEM/F12 medium, placed in 10-cm dishes and cultured in DMEM/F12 medium (Gibco-ThermoFisher, Grand Island, NY), containing 2% B27-supplement (Gibco-ThermoFisher), 20 ng/ml human basic fibroblast growth factor-2 (b-FGF, PeproTech, Rocky Hill, NJ), 20 ng/ml rat epidermal growth factor (EGF; PeproTech), 4 g/l anhydrous glucose and 1% penicillin/streptomycin (proliferation medium), and incubated in a humidified chamber at 378C in 5% CO 2 /20% O 2 . Factors were added every 48 hr and, after 7 days in culture, neurospheres were plated in 10-cm dishes (for RNA extraction or Western blot analysis) or glass coverslips (for immunocytochemical assays) pre-coated with 50 mg/ml of poly-ornithine. In all cases, neurospheres were kept in proliferation medium for 48 hr after plating, after which the medium was replaced with DMEM/F12 containing 2% B27-supplement, 5 ng/ml b-FGF, 5 ng/ml EGF, 4 g/l anhydrous glucose and 1% penicillin/streptomycin (differentiation medium) supplemented according to each experimental design. For all experimental designs, fields were selected at random and cells away from the neurospheres were counted and expressed as a percentage of total cell count. A total of at least 300 cells were counted for each cell marker analyzed in each one of three independent experiments performed in triplicate. 
| Cell proliferation
To study changes in cell proliferation rates, mouse anti-Ki67 (1:500, BD Pharmingen, San Jos e, CA) was used to stain proliferating cells following the procedure described for immunocytochemical studies.
Proliferation rates were further assessed through 5-bromo-2 0 -deoxyuridine (BrdU) experiments. After 7 days in culture, neurospheres were plated for 48 hr in proliferation media, after which cells were pulse-labeled by BrdU (10 mM) in control or TGF-b-containing media.
After a 90-min pulse, media were replaced by control or TGF- 
| Cell differentiation and inhibition experiments
Cells were plated and submitted to the different treatments 48 hr later according to the experimental design.
For short term experiments, media were replaced every 48 hr with differentiation medium containing either vehicle or 20 ng/ml TGFb1. This procedure was repeated for 4 days and rendered two experimental conditions (control and 1TGF-b).
For long term experiments, media were replaced every 48 hr and rendered the following three experimental conditions: (a) cells were kept in differentiation medium for 8 days; (b) cells were kept in differentiation medium containing 20 ng/ml TGF-b1 for the first 4 days and in differentiation medium without TGF-b1 for another 4 days;
and (c) cells were kept in differentiation medium containing 20 ng/ ml TGF-b1 for 8 days.
Treatment time points were chosen on the basis of previous work (Battista et al., 2006; Radice et al., 2015) . After 48-hr cell plating, cells were pre-incubated for 1 hr with either DMSO or 10 mM DAPT (control 1 DMSO and control 1 DAPT, respectively) and media were then changed to control or 1TGF-b media (1TGF-b 1 DMSO and 1TGF-b 1 DAPT, respectively) for 24 hr.
Notch inhibition was also evaluated in long term experiments. Cells were then fixed for immunocytochemical analyses.
| Immunocytochemistry
After A total of at least 300 cells were counted for each cell marker analyzed in each one of three independent experiments performed in triplicate. To study the colocalization between TbRII and Nestin and GFAP or PDGFRa, cells were examined by laser confocal microscopy using an Olympus FV 1000 microscope (Olympus, Japan).
| OL morphological differentiation
Mature OL diameter and process complexity, from TGF-b-treated and control cultures, were evaluated using Sholl analysis. Briefly, principal OL processes were initially outlined using NeuronJ plugin for ImageJ 
| Real-time polymerase chain reaction
After differentiation protocols, cells were lysed and total RNA was iso- 
| Statistical analysis
Results were expressed as the mean 6 SEM and statistical differences among treatments were determined using Student's t test and one-or two-factor analysis of variance (ANOVA) followed by Bonferroni's multiple comparison test. brain SVZ neurospheres were plated in coated coverslips and cultured for 48 hr until fixation for cell phenotype characterization. In this condition, cell characterization revealed Nestin1 (67% 6 5%), GFAP1
(70% 6 3%), Nestin1/GFAP1 (64% 6 4%), Olig21 (83% 6 4%), PDGFRa1 (10% 6 10%), NG21 (8% 6 4%), PDGFRa1/NG21 (9% 6 8%), and TujI1 (1% 6 0%) cells. Ki67 expression assays rendered a significant increase in total cell proliferation after 24-hr culture (200%) and a significant increase in the proportion of PDGFRa1/Ki671 cells (160%; Figure 3c ,e,f). Accordingly, BrdU incorporation assays also revealed a significant increase in total cell proliferation (105%) and a significant increase in the proportion of PDGFRa1/BrdU1 cells (402%) 24 hr after TGF-b stimulus (Figure 3d,g,h) . Furthermore, no significant differences were observed between the proportions of Ki671 and BrdU1 cells either in control or TGF-b-treated cells (Figure 3i ). OPCs, which in turn proliferate locally or mature into OLs with myelinating capacity (Menn et al., 2006) . However, the predominance observed of Olig21 cells in our studies is in agreement with results obtained by Hack, Sugimori, Lundberg, Nakafuku, & Gotz (2004) showing that Olig2 is required for the generation of neurospheres and may essentially mediate EGF and FGF signaling (Hack, Sugimori, Lundberg, Nakafuku, & Gotz, 2004) . Interestingly, 10% of cells were found to express NG2 proteoglycan and PDGFRa, markers of OPC population, while <1% were 
